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Phylogeographic variation in mitochondrial (mt) DNA restriction sites is described for populations of the monotypic stinkpot turtle (Sternotherus odoratus) from the southeastern United States. Stinkpots display pronounced and hierarchical mtDNA phylogeographic differentiation, ranging from genetically shallow differences among local populations to genetically deep distinctions among regional assemblages of haplotypes. Both magnitude and general pattern of intraspecific mtDNA phylogeography in S. odoratus are remarkably similar to those in a related species (Sternotherus minor) that traditionally has been considered ditypic based on morphological and genetic appraisals. The pronounced phylogeographic population structure in S. odoratus effectively falsifies prior hypotheses that extensive dispersal and gene flow account for the morphometric conservatism among geographic populations. These findings also raise broader issues concerning the significance of subspecies designations in testudine systematics.
MANY species of turtles are partitioned into multiple geographic subspecies. For example, among 56 turtle species in North America, 24 (43%) are subdivided nomenclaturally, with an average of 3.9 described subspecies per polytypic species (Ernst et al., 1994). Further, many monotypic species (e.g., several map turtles of the genus Graptemys) have exceptionally narrow geographic ranges. One striking exception to the above involves the common musk turtle or "stinkpot" (Sternotherus odoratus 1996) .
In this study, we employed restriction-site assays of mitochondrial (mt) DNA to assess matrilineal phylogeography of S. odoratus throughout the southeastern portion of its range. Results are compared to phylogeographic patterns reported previously (Walker et al., 1995) for a related species, S. minor, that is generally codistributed with S. odoratus in this region.
MATERIALS AND METHODS
Total DNA was extracted from heart, liver, and muscle; and mtDNA was isolated in closedcircular form following Lansman et al. (1981) . Purified mtDNA from each individual was digested with each of 28 restriction endonucleases. Fragments were end-labeled using Klenow and 32P-labeled nucleotides and electrophoresed through 1.2% agarose gels together with a one-kilobase ladder that served as a molecular size marker. Fragments were visualized by auto- 
RESULTS
Thirteen of 28 enzymes employed produced no or one cut in preliminary population screening and are not considered further. Two enzymes (Aval and BstNI) produced digestion profiles that were too complex to interpret as restriction-site changes but which were useful nonetheless in identifying additional haplotypes. The remaining 13 enzymes (Table 1) were informative in producing digestion profiles that were variable and interpretable as differing by specific restriction site changes.
The 15 variable enzymes uncovered 22 different mtDNA haplotypes (genotypic diversity = 0.931). The 13 enzymes for which site interpretations were possible revealed 16 haplotypes (Table 1) , with genotypic-and nucleotide-diversity values of 0.899 and 0.016, respectively, in pooled samples. For the 13 endonucleases, 69 restriction site positions were scored; 31 were polymorphic. Genetic distances between haplotypes ranged from 0.002-0.037. The restrictionsite and distance matrices are available from the senior author upon request. In addition to site differences, there was evident mtDNA size variation among individuals. Most notably, mtDNAs of samples from Florida were 0.5-1.5 kb larger than mtDNA of turtles sampled elsewhere. These size differences were apparent across digestion profiles of multiple enzymes and did not confound site interpretations employed in phylogenetic analysis.
Topologies of haplotypes produced by neighbor-joining and maximum-parsimony analyses (not shown) were similar to that produced by a hand-generated parsimony network (Fig. 1) (with subgroups Al and A2), B, and C. Each of these groups and no others received > 90% bootstrap support. Within each of the major haplotype assemblages, branching topologies were strictly additive; whereas across the groups, some nonadditivity (homoplasy) occurred. The major mtDNA haplotype groups showed a strong geographic orientation (Fig. 2) . In addition, local matrilineal population structure was evident (Fig. 2) . Most haplotypes (10 of 16) were observed only at single collection sites, and four haplotypes were fixed in samples from those locales.
DISCUSSION
Comparative mtDNA phylogeography in two Sternotherus species.-Matrilineal population genetic structure of S. odoratus in the southeastern United States, as inferred from analysis of mtDNA restriction sites, shares general features with patterns reported previously for other terrestrial and freshwater vertebrates in the region (Avise, 1992, 1996). These include the following: (1) extensive intraspecific genetic variation, leading to high genotypic diversities in pooled collections; (2) strong local population structure, in which mtDNA haplotypes show narrow geographic distributions compared to the sampled range of the species; (3) high nucleotide sequence divergence between conspecific mtDNA haplotypes; and (4) significant geographic partitions in intraspecific mtDNA parsimony networks. Gold.
